and from inulin (ibid., p. 1486) . No inethylfructoside containing an unsubstituted y-fructose residue has hitherto been prepared.
-4 dextrorotatory reactive methylfructoside has now been isolated from the products of the action of pure methyl alcohol containing hydrogen chloride upon fructose ; it will be shown that the fructose residue in this compound is identical with that in sucrose and in inulin. The recent work on these two Rubstances is well known. Itl is, however, convenient to summarise previous indications of the existence of y-methylfructoside.
In 1895, Pischer ( B e y . , 28, 1160) heated a solution containing 10 per cent. of fructose and 0.5 per cent. of hydrogen chloride in dry inethyl alcohol for forty-eight hours a t 35". By extraction of the resulting syrup with ethyl acetate he obtained a hygroscopic, aniorphous mass, characterised by the ease with which it was hydrolysed with regeneration of fructose. Purdie and Paul (T., 1907, 91, 289) repeated Fischer's conditions as to concentration, but carried out the reaction a t room temperature. Following the change polarimetrically, they found that the specific rotation of a solution containing approximately 10 per cent. of fructose changed from --56", the value four niinutes after addition of the hydrogen chloride, to -4.85" after four hours. A slow change in the reverse direction then commenced, the original value of -56" being again reached after two hundred hours.
In their discussion of results, Purdie and Paul direct attention to the possible formation of a dextrorotatory methylfructoside and state that a dextrorotatory compound was actually isolated from EL syrup which had deposited crystalline lzvorotatory tetramethyl fructose.
The work of Irvine and Robertson (T., 1916,109, 1305) confirmed
Purdie and Paul's general conclusions, but showed that the issue was complicated by the presence of acetone as an impurity in the methyl alcohol used. They also predicted the properties of the y-fructose, of which the methylfructoside now described is the first synthetic derivative .
Using as solvent pure methyl alcohol free from acetone, and dried before use by repeated distillation over sodium, it has now been found that the optical rotations of solutions containing not more than 5 per cent. of fructose change sign in about twenty minutes from the time of addition of hydrogen chloride, and attain maximum positive values in little more than half an hour! On arresting the reaction a t this stage by neutralisation of the acid, a feebly dextrorotatory syrup is obtained on removal of the solvent. This syrup gives analytical figures approximating to those required for a methylfructoside.
This change in the optical rotation is accompanied by condensation between the ketose and the alcohol, and in the case of a 24 per cent. solution of fructose more than 85 per cent. of the sugar undergoes reaction in forty minutes at 20". These figures show that the change is the most rapid of this kind hitherto encountered in the sugar group.
Treatment of the syrup with ethyl acetate leads to partial solution only, the insoluble portion displaying in methyl alcohol a specific rotation of -27". The fraction soluble in ethyl acetate is dextrorotatory, [a] ,, + 25.3" (in ethyl acetate), + 26.6" (in water), and consists essentially of y-methylfructoside. It is, however, probable that ethyl acetate also dissolves small quantities of the laevorotatory cc-and p-methylfructosides, as in one experiment five successive extractions with ethyl acetate gave products showing the following specific rotations : + 35", + 29.8", + 31", + l6.9", and + 9.3".
The fourth and fifth extracts were of much lower concentrations than the others, so that the original syrup thus consisted of some unchanged fructose together with a mixture of methylfructosides, partly dextrorotatory and comparatively readily soluble in ethyl acetate, partly laevorotatory and very sparingly soluble in ethyl acetate. The use of this solvent may consequently be expected to lead to a good, but not to a complete, separation between the dextrorotatory and laevorotatory components of this mixture.
Analysis showed that the syrup remaining after removal of the ethyl acetate had the composition of a methylfructoside. The compound has, moreover, all the characteristics of the derivatives of a y-sugar, being completely hydrolysed in the cold by 0.033 per cent. aqueous hydrogen chloride, the specific rotation meanwhile changing from + 22" to -64.3" owing to the formation of fructose.
Under similar conditions, p-methylfructoside is unattacked. y-Methylfructoside decolorises N/500-potassium permanganate solution in thirty minutes, the same time, under similar conditions, being required by y-methylglucoside, whilst cc-methylglucoside and p-methylfructoside required thirty hours.
The above data afford conclusive evidence that the dextrorotatory methylfructoside belongs to the y-type, and the formation from fructose of a compound of this nature has now been definitely proved for the first time (see Irvine, Steele, and Shannon, this vol., p. 1069).
Identification of the ketose residue in y-methylfructoside with that contained in sucrose and in inulin rests, as usual, on a comparison of the derived tetramethylfructoses. Tetramethyl y-methylfructoside was first prepared from y-methylfructoside by the silver oxide method. This was repeated three times, the product being then distilled and again methylated. From this, tetramethyl y-glucose was prepared by hydrolysis, a solution containing approximately 1 per cent. of tetramethyl y-methylfructoside and 0.25 per cent. of hydrogen chloride being heated at 100" for three hours.
The analytical and physical data of the above compounds are compared with those obtained for the corresponding compounds when prepared from sucrose and from inulin. The above figures indicate that the three sugars are essentially the same. The differences in the specific rotations in the case of the tetramethyl y-methylfructosides are without doubt principally due to the different proportions of the stereoisomerides present in the two cases.
This factor does not interfere in the case of the tetramethyl y-fructoses, but here, as already explained, the synthetic product is mixed with a little laevorotatory tetramethyl fructose, derived from lzevorotatory methylfructoside dissolved by ethyl acetate.
In view of recent publications, it is prudent t o state that it is intended in this laboratory to attempt the synthesis of sucrose from y-methylfructoside.
E x P E R I M E N T A L.
Speci$cation of Methyl Alcohol Used.--It has been shown by Irvine and Robertson (Zoc. cit.) that their own results, as also those of Purdie and Paul, were profoundly modified by the presence of acetone in the methyl alcohol used as solvent, the ketone condensing with the sugar to form methylfructoside-monoacetone. For the present work, methyl alcohol was used which was free fTom acetone, giving no precipitate of iodoforin with a solution of iodine in N-sodium hydroxide solution. It was dried by repeated distillation over sodium, the fraction boiling between 64.5" and 66" being F I G . FIG. 1.  FIG. 2. employed. The density corresponded with a methyl alcohol content of more than 99.5 per cent. Optical Data.-Using the methyl alcohol specified above as solvent, solutions containing 0.5 per cent. of hydrogen chloride in each case and 10, 5, and 2.5 per cent. of fructose were prepared. The fructose was first dissolved in the pure solvent; dry methyl-alcoholic hydrogen chloride was then added, the quantities being adjusted so that the desired solution was obtained on mixing. Fig. 1 illustrates the changes with time of the specific rotations. For comparison, a curve is also shown displaying the changes in specific rotation calculated from Purdie and Paul's figures. Zero time in each case is that of addition of the hydrogen chloride.
It will be noted that the changes now under discussion were both greater in magnitude and more rapid than those observed by Purdie and Paul, and that in the cases of solutions containing 5 and 2.5 per cent. of fructose, the sign of the rotation quickly changed, a maximum positive value being observed in less than half an hour. This result was directly contrary to that expected, since Irvine and Robertson (Zoc. cit., p. 1310) wrote : " The methyl alcohol which is recovered from the methylfructoside preparation, and is thus deprived of the last traces of acetone, condenses with fructose in a different manner. . . . No preliminary fall in laevorotation then takes place, so that the section A B in Purdie and Paul's curve is cut out " (Purdie and Paul, Zoc. cit., p. 291).
Irvine and Robertson's solutions contained 10 per cent. of fructose; their methyl alcohol contained 5 per cent. of acetone. They showed that both acetone and alcohol condensed with fructose. These condensations and likewise the subsequent neutralisation of hydrogen chloride with silver carbonate involve the formation of water. Now it will be seen by reference to Fig. 2 that the addition of 1 per cent. of water to a solution containing 2.5 per cent. of fructose and 0.5 per cent. of dry hydrogen chloride in dry methyl alcohol is sufficient to inhibit the change in sign of the optical rotation otherwise observed. Larger quantities of water completely alter the shape of the curve.
These observations indicate that the changed optical behaviour described by Irvine and Robertson is to be attributed, not to the elimination of acetone, but to the introduction of water into their recovered alcohol. This conclusion is strengthened by the following experiment. The solution containing 5 per cent. of fructose (Fig. 1) was neutralised by careful addition of sodium dissolved in dry methyl alcohol. The solvent was then removed by slow distillation through a column. The first fraction was used for a similar experiment, the same concentration of fructose and of hydrogen chloride being used. The curve now obtained by plotting the rotations against the times was, within the limits of experimental error, identical with the first.
Further confirmation of the statement that the flattening of the This statement requires modification.
curve described by Irvine and Robertson was not due to the removal of acetone is afforded by the fact that acetone itself has an effect similar to that of water in altering the changes observed subsequent to the addition of hydrogen chloride (Fig. 3) . The above details are given partly at the direct request of one of the above authors, and partly because they indicate the great importance in this work of the purity of the methyl alcohol used. y-Methylfructoside. General.-The solutions containing 10 per cent. and 2.5 per cent. of fructose (Fig. 1) were neutralised after ninety and forty minutes, respectively. On removal of the solvent, the resulting syrups gave the following analytioal figures- These figures indicate that the reaction is more complete in the more dilute solution, in which condensation of more than 85 per cent. of the fructose appears to have taken place. This syrup still reduced Fehling's solution.
Details of Preparation of y-Methylfructoside.-Seven grams of fructose were dissolved in methyl alcohol. This solution was diluted with methyl-alcoholic hydrogen chloride so that the total volume amounted to 350 c.c., whilst the acid content was 0.5 per cent.
The rotation was observed a t short intervals, the maximum positive value, [a]* + 6", being attained after thirty-two minutes.
The acid was neutralised by careful addition of sodium methoxide solution until the reaction was neutral to litmus. The greater part of the solvent was removed by distillation on the water-bath at the ordinary pressure ; the remainder in a vacuum desiccator. The resulting syrup was shaken with ethyl acetate previously dried over potassium carbonate. By this means sharp separation was effected, there bemg obtained a Izevorotatory syrup insoluble in ethyl acetate Owing to its hygroscopic nature, drying for analysis was difficult, and had to be continued in a vacuum for more than twenty-four hours a t 90" (Found : C = 43.6; H = 7.1 ; OMe = 14.8, 14.4. C,H1,O, requires C = 43-3 ; H = 7.2 ; OMe = 15.9 per cent.). y-Methylfructoside, dissolved in water, gave no preoipitate on immediate boiling with Fehling's solution ; if, however, six hours were allowed to elapse before applying the test, perceptible reduction was observed. Standing for six hours a t room temperature with N/lOO-hydrogen chloride led to marked evidence of hydrolysis, whilst boiling for one minute with N/lO-acid was followed by a copious formation of cuprous oxide on subsequent heating with Fehling's solution.
Hydrolysis of y-Methy1frzwtoside.-As the behaviour towards Fehling's solution indicated the compound to be unusually sensitive, an aqueous solution was made up containing 0.927 per cent. of y-methylfructoside with 0.033 per cent. (= N/111) of hydrogen chloride. The temperature was never allowed to exceed 20". The rotations were read in a 2-dcm. tube, the change of specific rotation with time being shown in Fig. 4 . After an initial incream from 22.06" to 28.05' (not shown) during the first thirty minutes, the specific rotation steadily decreased, changing sign after thirty hours, and reaching a value corresponding with a specific rotation of -64.26" after twenty-seven days. It has recently been shown in this laboratory by Dr. J. Patterson that under much more drastic conditions the observed rotation of p-methylfructoside displayed no change.
The syrup obtained after neutralisation of the acid and removal of the solvent gave a phenylosazone, which had the same melting point as glucosephenylosazone. by taking a mixed melting point.
The identity was further established
Tetramethyl y-Methylfructoside and Tetramethyl 7-Fructose. All the operations involved in converting y-methylfmctoside into tetramethyl y-methylfructoside and tetramethyl y-fructose followed the lines usual in this laboratory, and do not require detailed description.
The analytical and physical data form an integral part of the main argument and have been consequently given in the introduction.
